Objective: To evaluate if functional synergies are comprised of flexible combinations of a small number of ensembles of upper limb muscles to stabilize a particular performance variable during a force production task. Methods: Electromyographic (EMG) signals of wrist, elbow and shoulder muscles were recorded. Linear combinations of indices of the integrated EMG of nine muscles (muscle modes or M-modes) and their relationship to changes in the moment of force produced by the right arm of subjects about the horizontal axis of a handle were first determined. Uncontrolled manifold (UCM) analysis was performed to determine the extent to which variance of the M-modes acted to produce a consistent change in the moment of force. Results: Subjects exhibited three M-modes, two of which were 'reciprocal' while the third mode was considered a co-contraction mode. The three M-modes were found to be combined to form synergies that produced a consistent change in the moment of force across repetitive trials. Variance in the M-mode space that led to consistent changes in the moment of force across repetitions was significantly higher than variance that tended to produce inconsistent changes in the moment of force. Conclusions: Flexible combinations of activations of ensembles of muscles are organized to stabilize the value of or produce consistent changes in the value of important performance variables. Significance: The study of flexible muscle synergies in healthy individuals paves the way to understanding abnormal postural and movement patterns in individuals with neurological disorders.
Introduction
A frequently debated issue in motor control is how the central nervous system (CNS) coordinates motor elements (i.e., degrees of freedom or DOFs), particularly when more DOFs (e.g. joint motions or muscle activations) are available to accomplish a task than are required (e.g. to position the hand in space; Bernstein, 1967) ? This issue is particularly relevant in the space of muscles, where muscle activations typically are not independent of each other (Hughlings Jackson, 1889; Lee, 1984; Soechting and Lacquaniti, 1989 ). In the current article, we examine the formation of muscle synergies related to performance of an upper limb task.
The application of one or more optimization criteria has been suggested to solve the DOFs 'problem', resulting in relatively unique solutions for coordinating redundant DOFs (for reviews, see Seif-Naraghi and Winters, 1990; Rosenbaum et al., 1995; Latash, 1996) . In contrast, the uncontrolled manifold (UCM) hypothesis proposes that a specific control law primarily constrains combinations of DOFs only if they lead to unwanted changes in the value of important performance variables (Martin et al., 2004; Scholz and Schö -ner, 1999; see also Todorov, 2004) . Multiple combinations of the same DOFs that lead to equivalent values of the performance variable are less constrained, providing for performance flexibility (Martin et al., 
